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Qualitative and subjective analysis of two-dimensional 
echocardiographic images of the myocardial watt allows one 
to identify amyloid heart disease; the quantitative analysis 
of regional image texture might be an accurate method to 
differentiate normal from amyloid myocardial structures. 
To test thii hypothesis, two-dimensional echocardiograms 
of nine normal subjects and six patients with histologically 
documented amyloid heart disease were evaluated. Quan- 
titative texture measurements of the first order (mean gray 
level, skewness, kurtosis, energy and entropy) overlapped 
Qualitative and subjective myocardial texture analysis on 
two-dimensional echocardiographic images helps to identify 
various infiltrative and degenerative processes in the heart 
(I ,2). In particular, Nicolosi et al. (3) reported that the 
identification of multiple, discrete, highly refractile echoes in 
the myocardial walls often allows a prospective idcntifica- 
tion of amyloid heart disease. They stated that reliable 
objective echocardiographic methods for the identification of 
amyloid involvement of the cardiac walls are not available 
and further studies with quantitative evaluation of myocar- 
dial echogenicity were needed. Recently, the use of so-called 
quantitative texture analysis (2J-6) has been explored as a 
technique for evaluating the two-dimensional spatial distri- 
bution of echo amplitudes in a myocardial region of interest. 
The aim of this study was to establish whether the 
abnormality in the visual appearance of the myocardium in 
cardiac amyloidosis could be quantitatively described as an 
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between the two groups. Among the second order statistics 
variables, entropy was signiticautly and consistently higher 
in amyloid versus normal patient data (septum in paraster- 
nal long-axis view: 6.3 + 0.3 versus 5.9 + 0.4; septum in 
apical four chamber view: 6.2 f 0.2 versus 5.8 f 0.3) 
(Table 1 and 2). Therefore, amyloid-involved myocardial 
walls show ultrasound image texture alterations that may 
be quantified with digital image analysis techniques. 
(J Am Coil Cardiol1989;14:666-71) 
abnormality in myocardial texture. To this purpose, two- 
dimensional echocardiographic images from nine normal 
subjects and six patients with a documented histologic 
diagnosis of cardiac amyloidosis were studied by means of 
quantitative texture algorithms. 
Methods 
Selection of patients. Six male patients with cardiac amy- 
loidosis (age range 39 to 68 years) were analyzed retrospec- 
tively. In five of them the diagnosis was documented with 
endomyocardial biopsy and in one by autopsy examination 
(7). A control group of nine subjects, five men and four 
women (age range 20 to 46 years), was also studied; they had 
normal findings on a rest electrocardiogram (ECG), chest 
radiograph and rest echocardiogram and no history of car- 
diac disease. 
Echocardiographic recording. Two-dimensional echocar- 
diograms were obtained by using a mechanical sector scan- 
ner (ATL MK300) operating at 3 MHz. Gain setting controls 
were adjusted at the beginning of each examination to 
optimize the display of cardiac structures. Echocardio- 
graphic images were recorded on a l/2 inch (1.27 cm) VHS 
videotape for subsequent playback and analysis. 
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Table 1. Echocardiographic Texture Calculations (long-axis view) in Six Patients With Amyloid Heart Disease and Nine Normal Subjects 
Mean level gray 
Skewness 
Kurtosis 
Energy 
Entropy 1 
d = I horizontal 
ASM 
Correlation 
Contrast 
Entropy II 
d = I vertical 
ASM 
Correlation 
contrast 
Entropy II 
d = 3 horizontal 
ASM 
Correlation 
Contrast 
Entropy II 
d = 3 vertical 
ASM 
Correlation 
Contrast 
Entropy II 
Normal 
6O+ 18 
0.2 + 0.5 
3.1 ? 0.4 
0.04 ? 0.5 
4.1 ? 0.2 
0.003 ? 0.002 
0.2 r 0.2 
239 ? 60 
6.0 ? 0.4 
0.003 f 0.001 
0.2 + 0.1 
521 + 118 
6.0 + 0.3 
0.003 f 0.002 
0.13 2 0.09 
538 + 177 
5.9 t 0.4 
3E-03 + 2E-03 
0.01 + 0.06 
1.044+443 
5.8 f 0.4 
Septum 
Amyloid 
60 + 23 
NS 
322 
0.019 + 0.07 
4.2 fr 0.3 
0.0019 2 O.ooO6 
0.21 + 0.09 
I89 ? 37 
6.3 ? 0.3 
0.0019 + o.Ow7 
0.13 t 0.05 
430 + 86 
6.3 2 0.3 
0.0020 + o.OtM7 
0.14 * 0.05 
374 f 65 
6.3 f 0.3 
0.0020 + o.OtM4 
0.06 + 0.03 
753 + 240 
6.3 + 0.2 
p Value 
NS 
0.9 
? 0.7 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.044 
NS 
NS 
NS 
0.016 
Normal 
44? 16 
0.6 i 1.0 
i f 2 
0.020 + 0.008 
4.1 ? 0.4 
0.0024 ? 0.0008 
0.32 2 0.09 
167 2 103 
6.1 + 0.3 
0.0023 + 0.0008 
0.20 f 0.05 
424 + 195 
6 2 + 0.3 
0.003 ? 0.001 
0.23 f 0.06 
348 2 219 
6.1 + 0.4 
0.0030 + 0.0001 
0.08 ? 0.05 
693 + 390 
6.0 ? 0.4 
Posterior Wall 
Amyloid 
38? II 
NS 
4?3 
0.029 -t 0.007 
3.8 -c 0.2 
0.0028 2 0.000X 
0.21 ? 0.08 
98 ir 61 
6.0 r 0.3 
0.0026 + 0.007 
0.16 t 0.04 
198 + IO0 
6.0 f 0.3 
0.003 ir a.001 
0.14 + 0.04 
219 + 130 
5.9 i- 0.4 
0.0027 + O.CW6 
0.09 + 0.04 
353 + 204 
6.0 + 0.2 
p Value 
NS 
NS 
NS 
0.043 
NS 
0.037 
NS 
NS 
NS 
NS 
0.022 
NS 
NS 
0.009 
NS 
NS 
NS 
NS 
NS 
NS 
ASM = angular second moment; d = distance between two co-occurrent pixels. 
Digitization and image processing. The selected frames 
were digitized off-line by an array processor-based computer 
for medical image processing (Mipron, Kontron). Images 
corresponding to the end-diastolic phase of the cardiac cycle 
were selected for each section (long-axis, apical four cham- 
ber) and were converted into frames of 256 X 256 pixels of 
256 gray levels each (0 = black, 255 = white). The effective 
number of gray levels that could be used during digitization 
was less than the whole available range, owing to the 
dynamic characteristics of the tape recorder. Before analysis 
of each region of interest with quantitative texture analysis, 
a noise-averaging procedure was performed (sigma-filter) (8) 
to remove small gray level spatial differences introduced by 
tape recording. 
Qualitative delinitions of texture analysis. For each frame, 
two regions of interest were selected: in the septum and 
posterior wall for the long-axis view and in the septum and 
lateral walls for the apical four chamber view. For each 
region of interest, a histogram of the echo amplitude distri- 
bution was generated plotting on the abscissa the generated 
gray level amplitude and on the ordinate the frequency of 
occurrence. Several variables were used to quantitatively 
describe the shape of the histogram (see later). In particular, 
skewness measures the asymmetry of the shape of the 
distribution and kurtosis measures the “peakedness” of the 
distribution relative to the length and size of its tails (4). A 
normal distribution is termed mesokurtotic. Increased kur- 
tosis values signify increased peakedness of the distribution 
(leptokurtotic). Decreased kurtosis values signify flattening 
and broadening of the distribution (platikurtotic). 
Moreover, the two-dimensional spatial pattern of gray 
levels in a region of interest may contain information not 
apparent in the analysis of the overall distribution of gray 
levels in that region (5). To quantitatively describe the 
spatial heterogeneity of the distribution of echocardio- 
graphic reflections within a region of interest, specific algo- 
rithms were applied (see Appendix for mathematical descrip- 
tion). The resulting statistical variables (such as contrast, 
angular second moment, entropy) are calculated by measur- 
ing the difference in gray level value between pixels sepa- 
rated by various distances in various directions (9). The 
contrast value increases whereas large gray level differences 
occur. The angular second moment value increases when the 
co-occurrence matrix elements are clustering around a 
greater gray level transition, whereas it lowers when these 
elements [p(ij)] are very unequal. Entropy gives a measure 
of coarseness of the image by increasing its value in corre- 
spondence of homogeneity lowering, i.e., when co- 
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Table 2. Echocardiographic Texture Calculations (apical four chamber view) in Six Patients With Amyloid Heart Disease and in Nine 
Normal Subjects 
Normal 
Septum 
Amyloid p Value Normal 
Anterolateral Wall 
Amyloid p Value 
73 2 I8 
-0.6 2 0.5 
421 
0.019 2 0.005 
4.2 ? 0.2 
0.011 
0.002 
NS 
NS 
NS 
68 k 30 
0.1 2 I.1 
423 
0.03 2 0.02 
4.0 ? 0.4 
s7 2 22 
0.05 + 0.7 
2.9 c 0.9 
0.02 r 0.04 
4.0 + 0.2 
NS 
NS 
NS 
NS 
NS 
Mean level gray 48 t 15 
Skewness 0.6 ? 0.6 
Kurtosis 3?l 
Energy 0.021 ? 0.008 
Entropy I 4.1 f 0.3 
d = I horizontal 
ASM 0.0024 f o.ooo7 
Correlation 0.25 t 0.08 
Contrast 189 ? 78 
Entropy II 6.10 ? 0.08 
d = 1 vertical 
ASM O.OO?O k o.ooo5 
Correlation 0.17 ir 0.07 
Contrast 453 ? 168 
Entropy II 6.3 ? 0.2 
d = 3 horizontal 
ASM 0.003 2 0.001 
Correlation 0.15 k 0.07 
Contrast 501 i- 186 
Entropy II 5.8 ? 0.3 
d = 3 vertical 
ASM 0.0021 z 0.0005 
Correlation 0.07 + 0.03 
Contrast 75x f 298 
Entropy II 6.2 ? 0.2 
Abbreviations ah in Table I. 
0.0019 2 0.0004 
0.3 + 0.3 
183 * XI 
6.38 i- 0.08 
NS 
NS 
NS 
0.034 
0.003 ? 0.001 
0.2 + 0.1 
II6 + 80 
5.9 + 0.3 
0.0027 + 0.0006 
0.2 rf 0.2 
116 5 70 
6.0 + 0.2 
NS 
NS 
NS 
NS 
0.0016 ? 0.0003 
0.12 f 0.05 
365 t- 108 
6.5 ? 0.2 
NS 
NS 
NS 
0.026 
0.003 * 0.001 
0.17 f 0.08 
246 ? 149 
5.9 ? 0.3 
0.0023 + 0.0(305 
0.2 ? 0.2 
209 5 123 
6.1 ? 0.2 
NS 
NS 
NS 
NS 
0.0020 2 0.0005 
0.0x ? 0.02 
501 + 205 
6.2 2 0.2 
0.022 
0.033 
NS 
0.015 
0.003 i o.oni 0.0030 + O.OOOh NS 
0.1 ? 0.1 0.2 r 0.2 NS 
333 2 216 263 ? 168 NS 
5.7 * 0.3 5.9 r 0.2 NS 
0.0021 ? 0.0009 NS 
0.09 ? 0.03 NS 
418 + 76 0.018 
6.3 f 0.4 NS 
0.003 * 0.001 0.0028 ? O.ooO6 NS 
0.09 * 0.05 0.1 + 0.1 NS 
534 i 290 409 + 254 NS 
5.8 * 0.4 5.9 * 0.2 NS 
occurrence matrix elements tend to be all equal and the 
diagonal concentration lowers. Correlation gives the degree 
of linear correspondence of the gray levels of the d-displaced 
pixels (IO). 
Data analysis. In all cases, regions of interest from the 
same myocardial wall (septum or posterior or lateral) were 
compared in normal versus amyloid hearts. Differences were 
tested for significance with an unpaired t test. The required 
level of significance was p < 0.05. 
two sections: parasternal long-axis and apical four chamber 
views. Data relative to the end-diastolic phase are shown in 
Tables 1 and 2. No significant differences could be found in 
the mean gray level values and in any of the first order 
variables (skewness, kurtosis, energy, entropy) for the long- 
axis view of septum. In the four chamber view the mean gray 
level showed a significant increase in amyloid versus normal 
septum; moreover, the skewness significantly separated 
normal from amyloid septa. Two representative examples of 
gray level histograms from a region of interest inside a 
normal and an amyloid septum are shown in Figure 1. 
Two variables from second order statistics signijkantly 
differentiated normal from amyloid regions: entropy consis- 
tently showed higher values in the diseased septum in the 
apical four chamber view and, only for large displacements, 
in the long-axis view; angular second moment exhibited 
lower values in amyloid hearts, but only in the septal region 
and in the apical four chamber view (Table 2). 
Results 
Histologic examination. In all six patients with amyloido- 
sis, endomyocardial biopsy documented the presence of 
typical amyloid infiltration. 
Qualitative echocardiographic observations. In all pa- 
tients with cardiac amyloidosis, the two-dimensional 
echocardiogram showed a nondilated left ventricle, with 
thickened walls and hyper-refractile multiple rounded areas, 
which were often more evident at the septal level. Five cases 
showed a thickening of valve leaflets (usually at the mitral 
level but also at the tricuspid level). 
Texture calculations. The septum and posterior and lat- 
eral walls in normal and amyloid hearts were compared in 
Discussion 
Myocardial amyloidosis exhibits visibly altered local 
echo amplitude (gray level) patterns (i.e., altered image 
texture) on standard two-dimensional echocardiography. 
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Figure 1. Gray level histogram of a region of interest inside a normal 
(upper) and an amyloid septum (lower) from an apical four chamber 
section. 
The current study presents evidence that image texture 
alterations can be quantified with digital image analysis 
techniques. Our findings suggest that quantitative texture 
calculations may be a useful approach to ultrasound tissue 
characterization of amyloid tissue. 
Biologic basis of amyloid echo appearance. Despite the 
qualitative appearance of “granular sparkling” in the two- 
dimensional image of the amyloid heart (2,l l-14), a quanti- 
tative evaluation of the mean gray level demonstrated a 
significant difference between normal and amyloid myocar- 
dium only in the apical four chamber view. The cchocardio- 
graphic pattern from normal myocardium consists of low 
amplitude reflections arising from many small interfaces 
(small compared with the wavelength of the echocardio- 
graphic signal). The precise relation between the acoustic 
speckle pattern and the responsible underlying anatomic 
structure is extremely complicated and has not been well 
characterized (l,?). It is conceivable that the scatterers 
within the myocardium might be, at least in part, physically 
identified in the interface between interstitial connective 
tissue and muscle fibers. In the amyloid myocardium there 
are fewer scatterers (because amyloid infiltration destroys a 
considerable number of muscle fibers) but those present 
have a higher impedance mismatch in the interstitium where 
collagen bundles are replaced by amorphous amyloid mate- 
rial. This might explain the apparent paradox of the “bright 
patchy echoes” of the amyloid myocardium, with similar 
average gray level intensity in comparison with normal 
walls, because the higher peak gray level values are balanced 
by the lower background brightness and possibly by greater 
attenuation and shadowing phenomena. 
By using second order quantitative descriptors to analyze 
the textura/ uppearancr. the differentiation of amyloid from 
normal myocardium could be consistently achieved by a 
variable of the second order, i.e., entropy. None of the first 
order variables were effective in consistently differentiating 
normal and amyloid walls: skewness showed significantly 
lower values in the amyloid heart, but only in the septal wall 
and in the apical four chamber view. This is not surprising 
because an analysis of the overall distribution of echo 
amplitudes within an image (performed with analysis of the 
gray level histogram) may not give information on the spatial 
distribution or pattern (“texture”) of echo amplitudes (2). 
The quantitative finding of increased entropy values in 
amyloid myocardium is the counterpart of the increased 
textural heterogeneity qualitatively described in myocardial 
amyloidosis (2,11-14) and is in contrast with the more 
homogeneous texture of normal myocardium. In fact, entro- 
py---together with other gray level difference statistics such 
as contrast and angular second momen&-is a measure of the 
heterogeneity of the distribution of echocardiographic reflec- 
tions within a region of interest. 
The septal wall exhibited the more consistent changes. 
This finding is in agreement with the qualitative description 
that the hyperechoic multiple areas are more obvious at the 
septal level (7). It is conceivable that the septum suffers less 
than the posterior and lateral walls from attenuation and 
diffraction phenomena (6). 
Limitations of the study. Because of the many variable 
factors such as thickness of the chest wall, the distance of 
cardiac structures from the transducer and their orientation 
in relation to the direction of the ultrasound beam, instru- 
ment gain and the time gain compensation curve require 
individual adjustments for examination of any given myocar- 
dial wall segment; therefore, routine echocardiographic 
studies cannot be performed by using any fixed gain settings. 
In our study, instrument gain settings were adjusted in each 
case so as to obtain an optimal visualization of the endocar- 
dium, myocardium and epicardium. Furthermore, a variable 
depth in the region of interest from different subjects might 
by itself affect the texture measurements (6). A further step 
toward a more quantitative diagnosis will be the sampling of 
the radiofrequency signal before the chain of echo signal 
processing present in commercially available instruments 
(15-17). One must emphasize that the differentiation be- 
tween normal and amyloid myocardium does not imply that 
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a particular set of texture algorithms pathognomically iden- 
tifies amyloidosis. In fact, the appearance of amyloid is 
qualitatively similar to that of other infiltrative diseases of 
the myocardium, hypertrophic cardiomyopathy, chronic re- 
nal failure and others (1). 
The mathematical description of image texture variations 
in our study is only a first step in the direction of a more 
quantitative echocardiographic diagnosis of myocardial 
amyloidosis. 
Appendix 
Quantitative definitions of texture analysis. Typical variables 
extracted from the first order gray level distribution (i.e., without 
considering spatial interdependencies) are (by defining [g(ij)] as the 
gray level of the pixel of coordinates [ij] inside the matrix of the 
region of interest R, and N the total number of gray values): The 
mean (4 
describes the average gray value of the distribution; the standard 
deviation 
is an expression of the spreading of the distribution from the mean 
value, that is of the overall contrast; the skewness 
( 
characterizes the deviation of the distribution from a symmetrical 
reference one (positive values are for a left-skew distribution 
whereas a skewness to the right is classified by negative values); and 
the kurtosis 
( C g(id2 -p2)” 
ijsR 
is related to the steepness of the distribution. 
By defining pk(g) as the probability of the k-th gray level, that is, 
the ratio between its frequency of occurrence and the total number 
of pixels, two more first order variables can he introduced. These 
include the energy 
256 
C pk2hd, 
k=? 
the higher whose value is, the more the gray levels are clustered 
around the mean value; and the entropy 
256 
- 2 pk(d In[pk(&% 
1(=2 
which is a measurement of the level of disorder inside the gray level 
distribution. 
Second order statistics. Texture features such as contrast, local 
inhomogeneities and microstructures in echo images of pathologic 
structures are objects of characterization by variables derived from 
second order gray level statistics. Spatial relations between pixels of 
a region of interest have to be specified for unambiguous definition 
of the texture. 
An example of second order statistics is the co-occurrence 
matrix. Each matrix element [p(ij)] is the joint probability that a pair 
of points in relative position d inside the region of interest will have 
the pair of gray levels (gi,gj). The so-defined square matrix, whose 
number of columns and rows is respectively equal to the number of 
gray levels studied, is normalized with respect to the total number of 
entries. It is a nonsymmetric matrix, but it can become a symmetric 
one if a symmetric condition is introduced, e.g., if it is considered a 
verse-independent displacement. The d-displacement is a vector, 
characterized by intensity (i.e., its length), direction (the straight 
line on which the vector lies) and verse (from a pixel, chosen as the 
start point of the displacement, to the co-occurrent one). Verse- 
independence occurs when d-displacement is realized by indiffer- 
ently starting from one or the other of the co-occurrent pixels. From 
the co-occurrence matrix, several variables can be extracted. The 
most common are the contrast 
C (i-.i)2 p(G), 
i;i 
which is sensitive to changes in brightness. The frequent large gray 
level differences inside the region of interest produces greater 
values, whereas lesser values take into account softer textures; the 
angular second moment 
C p(iJ2, 
ij 
which has lower values if the probabilities tend to be all equal; the 
entropy 
C p(G) InMij)l, 
ij 
which, as for the angular second moment, characterizes the co- 
occurrence matrix independently from gray levels and is more 
sensitive than the contrast to deviations from regularity of patterns 
and its value increases as homogeneity decreases; and the correla- 
tion 
fij IJp(ij)-C i C j p(ij) C j C i p(i j) 
i i i i 
J i C j p&i)-tC i 22 j p(ij))2 C _i C i p&iHC _i C i P(Li)J2 1 i J j i j i 
which measures the linearity of the function describing the relation 
between the gray levels of the d-displaced points. 
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